The historical environmental problems in the Amazon urge greater governance and transparency at the municipal level. The decentralizing of municipal environmental management (MEM) is an ongoing process in the Brazilian Amazonbut a monitoring mechanism is missing. We used an index (iMEM) derived by factorial analysis to rank the environmental management performance of 143 municipalities in Pará state at the beginning of the decentralizing process (2009) and six years after that (2015). Multiple regression analysis indicated that iMEM was positively affected by factors such as population, communication and protected areas in the municipalities and negatively affected by rural credit, GDP and property registration program. Decentralizing measures seem to be more politically than environmentally effective since only 21.7% of 143 municipalities were classified as having good environmental management in 2015. Pará's poorly performing municipalities in both periods illustrate regions where unsustainable and misguided national policies were fostered in the 70s. The monitoring of the decentralization progress and synergic policies is crucial for the effectiveness of the policy in the Amazon.
Introduction
Many environmental problems have local origins (Mori & Christodoulou, 2012) , especially at the municipal level. However, when power structures are highly centralized at the federal or state levels, municipalities have few tools to contribute to solving environmental problems that first occur within their territory. Power decentralization is, therefore, indicated as a mechanism that may overcome several management and political problems (Gibson & Lehoucq, 2003; Schmitt & Scardua, 2015) . In Latin America, where centralized power has predominated (Andersson et al, 2006; Andersson & Laerhoven, 2007; Larsen, 2011; De Lima & Buszynski, 2011) , political-administrative decentralization is still an ongoing process (Falleti, 2010) .
In tropical countries, decentralization reforms may also contribute to environmental governance at the municipal level, especially in rural frontiers where extractive industries, large infrastructure works and land conflicts abound. That may be achieved by empowering local communities, implementing the appropriate legal framework and strengthening institutional structures (Larsen, 2011; De Lima & Buszynski, 2011) . By means of decentrali-zation, municipalities are expected to assume tasks previously centralized at the state or federal level. Nevertheless, despite the role of municipalities in contributing to local environmental governance, little attention has been paid to the challenge involved and to the performance of municipal environment management. Indeed, studies using a large sample of municipalities to test their performance after decentralization processes remains almost absent from the literature.
In Brazil, the pressure for decentralization of environmental management to local governments has intensified because of the growing demand for natural resources, the need for environmental protection and the national and international pressure to reduce deforestation in the Amazon (Nepstad et al., 2014; Zarin et al., 2016) . The rationale of environmental decentralization resides in the belief that local governments are more familiar with both local-society needs and environmental characteristics and, therefore, can design more appropriate policies (Anderson et al., 2006) . The institutionalization of the environmental decentralization process in Brazil was strengthened by a diverse legal framework (e.g. National Environment Policy act of 1981; the new Federal Constitution of 1988; and Resolution 277/97 of the National Environment Council -CONAMA); and public policies (e.g. Action Plan for Prevention and Control of Deforestation in the Amazon) (Viana et al., 2016) . Currently, municipalities share the responsibility for command & control processes and environmental management with federal and state governments. However, due to political interferences and historical structural and personnel fragilities at local level, the ability of municipalities to effectively carry out environmental management is challenging, not only in Brazil (Schmitt & Scardua, 2015) but in several other countries in Latin America (Andersson et al., 2006 , Andersson & Laerhoven, 2007 , Gabaldón, 2009 Larsen, 2011) and the developing world (Coleman & Fleischman, 2012; Persha & Andersson, 2014) .
The Amazon is an area of global importance and concerns. Issues, such as climate changes, forest conservation, biodiversity and water conservation have been sources of international debates, investment and search for solutions for decades. The main causes of the Brazilian Amazon deforestation are related to changes in land use associated with livestock, extensive agriculture and exploitation of natural resources (Kaimowitz et al., 2004; Nepstad et al., 2014; Moutinho et al., 2016) . In this scenario, forest governance in this region became the main goal of the central government and, therefore, environmental decentralization policies have been introduced with the aim of reducing deforestation and reinforcing a sustainably-based economy (De Lima & Buszynski, 2011) . Ultimately, the choice and manner of developing economic activities in the Amazon municipalities will lead to forest conservation or to forest conversion to other types of land use. As the municipalities also act as licensors and regulators of economic activities, they are co-responsible for the local environmental consequences. Nevertheless, standard tools for assessing their effectiveness in environmental management are still lacking.
In the Brazilian Amazon, the state of Pará has historically been one of the champions of deforestation (INPE, 2017a) . In order to reverse this scenario, Pará has, in recent years, boosted environmental decentralization using different public policies that subsidize the structuring and strengthening of municipal environmental systems. Between 2009 and 2015, the number of municipalities with decentralized management increased from 10 to 69 (of a total of 144), motivated mainly by public policies of deforestation reduction (Silva & Azevedo-Ramos, 2016) . According to the state environmental agency, 115 municipalities had decentralized environmental management in 2017.
Pará, therefore, provides an interesting case study because it is at the same time one of the states with the greatest environmental problems and the one demonstrating greatest willingness for decentralizing the environmental management in the Brazilian Amazon (Silva & Azevedo-Ramos, 2016) . As Pará's municipalities are mostly poor and located in politically marginal areas, implementing their new tasks can be challenging. That increases the importance of applying monitoring mechanisms to evaluate the progress of municipal environmental management (MEM) and to subsidize the planning of actions. The lessons learned from this experience may work as a reference point for other states or countries that are on the same path.
In this context, the aim of this study is to analyze the environmental management performance of 143 municipalities in the state of Pará at the beginning of the political-administrative de-centralizing process (2009) and six years after that (2015) . The evaluation was performed by creating a municipal environmental management index (iMEM) and ranking the municipalities according to their performance for each year. Then, potential variables that may influence the performance were identified. Finally, the implications of the findings were discussed under the context of the decentralization process.
Materials and methods
Environmental management was evaluated in 143 municipalities of Pará, excluding one recently created municipality (Mojuí dos Campos), for which data are still limited (IBGE, 2017a) . MEM was evaluated in two periods: 2009 (beginning of the decentralization process) and 2015 (the most recent available year in the time series data).
The starting point for the initial selection of variables to create an index of performance (iMEM) was the open-access dataset of sustainable development indicators published by the National Institute of Geography and Statistics (IBGE, 2015) . An initial set of 20 (out of 67) variables most closely related to the environmental issues of the Brazilian Amazon described in the literature was selected by the authors. Then, the variables were validated by experts and public managers using an adaptation of the content validity method (Nicole & Tronchin, 2011; Bomfim, 2014 ). An electronic questionnaire containing descriptions of the variables, their data sources and scoring options ranging from 0 (do not use) to 5 (very good) was distributed to 63 evaluators with proven experience in econometrics and public management. The questionnaires had a return rate of 31.7 % (n = 20). A variable from the list was validated if the average score was > 3. Qualitative observations from the evaluators were also considered to include variables not originally present on the list. Variables selected by the experts were then divided into two groups by the authors: performance and input variables. The rationale behind this classification was that performance variables indicate the result of the management process (e.g., deforestation control; land-use change; quality of life). In turn, input variables indicate the resources or conditions to do the management (e.g., infrastructure; budget; personnel). Therefore, performance variables were used to create the iMEM (see section 2.1), which ultimately measures the result of the management. The input variables were used in multiple regression analyses as potential explanatory variables that may describe the relationship with iMEM (section 2.2). Eleven variables mainly related to environmental management performance (Table 1 ) and 12 input variables (Table 2) were identified.
Available data from 2009 and 2015 were used for each variable. In the case of missing data, the annual value consisted of the average of the previous and the following years. Data were sourced from governmental institutions that had the best quality data available at the municipal level, regarding attributes such as validity, reliability, comparability, simplicity, sensitivity and data availability (Singh et al., 2009 ).
VARIABLE NAME DESCRIPTION JUSTIFICATION

DATA SOURCES (year used in the dataset)
Degraded area (km²)
Percentage of municipal land cover identified as exposed soil, degraded pasture, mined area and deforested area per municipality relative to municipality area (2009 and 2013).
Represents the environmental liabilities of each municipality, which will require more management capacity. Livestock expansion is related to a higher demand for deforested areas and increasing land use disputes.*
IBGE, 2017a (2009 and 2015)
Accumulated deforestation (km²)
Mean gross accumulated deforestation value over three years for 2009 (2007, 2008 and 2009) and 2015 (2013, 2014, 2015) relative to municipality area.
Deforestation damages biodiversity and forest-related ecological services, with consequences for human populations.
INPE, 2017a (2017)
Deforestation increase (km²)
Mean annual recent deforestation for 2009 (2007, 2008, 2009) and 2015 (2013, 2014, 2015) relative to municipality area.
Heat sources (number of sources/ km²) Annual occurrence of forest heat sources relative to municipality area.
Indicator of the advance of agricultural and livestock activities and of anthropogenic areas over native vegetation areas provided that it is associated with other indicators.* , 2015 (2009 and 2015) Quality of life index (FIRJAN)
FAPESPA
Value of the FIRJAN index (Employment, Income, Education and Health) relative to the population of the municipality in the year studied (2009 and 2015) .
Used as an aggregate measure of the quality of life of the population. The FIRJAN index was selected because data were available for the study years.
SISTEMA FIRJAN, 2015 FIRJAN, (2009 FIRJAN, and 2015 Crops (km²)
Planted area of permanent + temporary crops relative to municipality area.
Shows the variations in pressure on the land and resulting increase in land use disputes. Permanent and temporary crops are related to a higher demand for deforested areas.*
IBGE, 2017a (2009 and 2015)
Pasture (km²)
Mean pasture area (pasture with exposed soil, "clean" pasture, "dirty" pasture) relative to municipality area.
Shows the variations in pressure on the land and resulting increase in land use disputes. Livestock is associated with deforestation in the Amazon. Contributes to the evaluation of levels of health, environmental/sanitary infrastructure and socio-economic development of the population.* (also used as a proxy for respiratory and parasitic diseases and sanitation). , 2015 (2009 and 2015) * As defined by IBGE (2015).
MS
VARIABLE NAME DESCRIPTION JUSTIFICATION
DATA SOURCES (year used in the dataset)
Protected areas (%) Percentage of indigenous territory and conservation units per municipality.
Contributes to reducing deforestation and habitat loss and providing environmental goods and services to local communities.* More access to these services reduces transportation needs, which can favorably affect the environment and improve access to environmental information.*
IBGE, 2017a (2009 and 2015)
Internet ([inhabitants with access/total population]*100)
Number of internet users in the resident population of each municipality.
The more widespread internet access is, the higher the possibility that society is better informed about sustainable development issues in the municipalities.* Facilitates environmental management by means of information and use of systems.
Rural environmental cadaster (%)
Areas of properties registered in relation to each registrable area in the municipality expressed as a percentage in relation to the population.
Public electronic registration of declaratory and mandatory nature, applied to all rural properties of the country for environmental regulation, facilitating the monitoring of legal compliance.
SEMAS, 2017b (2009 and 2015)
Rural credit (R$/ population)
Value of financed credit per municipality.
Identifies the potential of land use and occupation in the municipality; directly related to changes in vegetation, soils, water resources and others. 
Data analysis and iMEM
The 11 selected performance variables ( Table  1) were standardized to reduce data variation and amplitude to allow comparison while maintaining the relative importance of the measurement. Variable correlation was evaluated at the 5% significance level. The final determination of the variables and their weights to create the iMEM was undertaken using factor analysis -FA (Hair et al., 2006) . A similar methodology was applied when analyzing the social dimension of the Amazon municipalities (IPS Amazônia, 2014). FA technique allows initial identification of the isolated dimensions of the data The production, consumption and resulting subproducts of energy supply exert pressure on the environment and natural resources.* , 2015 (2009 and 2015) Population density (number of people/ km 2 ) Number of inhabitants in relation to the area of each municipality.
FAPESPA
The number of people represents the presence of anthropogenic actions in a territory, with impacts on the land, water resources and local biodiversity.*
IBGE, 2017a (2009 and 2015)
Municipal environmental management -MEM Capacity of the municipality to perform MEM (yes or no).
Indicates if the municipality is empowered to perform municipal environmental management according to regulations (Complementary Law 140/11 and COE-MA Resolution 120/2015).
SEMAS, 2017a (2017)
State tax (R$/population)
Value of tax on the circulation of goods and services transferred from the state to the municipality in relation to its total population.
Represents tax proceeds obtained from the circulation of goods; it may be a source of resources to be invested in municipal environmental management.
FAPESPA, 2015 (2009 and 2015)
Number of employees ([number of employees/ total population]*100) Total number of municipal public employees in relation to the total population, expressed as a percentage.
Municipalities with a higher number of employees may provide better services and municipal environmental management.
IBGE, 2017b (2009 and 2015)
Population growth rate (%)
Annual population growth rate of the municipality.
The dynamics of demographic growth allow the sizing of demands, such as access to healthcare and sanitation services and basic equipment, education, social infrastructure, and employment.*
IBGE, 2017c (2009 and 2015)
Municipal gross domestic product (GDPm) per capita (R$)
The monetary sum of all final goods and services produced in a given municipality in relation to its population during a certain period
The economic development of a municipality is related to economic activities that can generate pressure on natural resources and the environment. structure and later determination of the degree to which each variable is explained by each dimension or factor and is found to be a useful tool in decision-making process (Singh et al., 2009; Johnson & Wichern, 2015) . FA was undertaken for 2009 and 2015 using the same set of variables but produced different outcomes depending on which subset of variables were more relevant in a given dimension for that period. Comparing these shifts through time, it is relevant to understand the dynamics of changes in the municipalities. Analyses were performed using SPSS version 22. The Kaiser-Meyer-Olkin (KMO) test and Bartlett's Test of Sphericity (BTS) (Thompson, 2004) were used to determine whether the data were suitable for factorial analysis. The KMO test is an indicator that compares the observed correlation coefficient with the partial correlation coefficient on a scale ranging from 0 to 1. In general, FA is not recommended for values below 0.5 (Hair et al., 2006) . The BTS tests the null hypothesis that the correlation matrix is an identity matrix (correlations equal to zero). Rejection of the null hypothesis suggests that FA can be applied.
Next, the varimax rotation method with Kaiser normalization was used to improve the interpretation of the factorial solution. This method rearranges the variance observed in the original factors until a more understandable and theoretically more significant set of factors is achieved (Hair et al., 2006) .
Principal-component analysis (PCA) was used as the extraction method to identify how much each variable contributes to explaining the phenomenon and to organize the variables to interpret their dimensions (Johnson & Wichern, 2015) . Absent values were replaced by the mean in order to calculate the correlation matrices without changing the factor structure during normalization (Meijering, 2002) .
FA has an interactive profile to search for the best model in terms of highest explanatory power (cumulative variance) with the highest dimension reduction power (least number of factors). Therefore, the statistical verification applied to the model considered that communality values had to be higher than 0.4 (Costello & Osborne, 2005) for a variable to be considered pertinent for FA, which would imply a maximum uniqueness of 0.6 (Hair et al., 2006) . The initial extraction criterion was the cumulative variance percentage, which indicates the specified cumulative percentage of the total variance extracted. The cut-off criterion considered for choosing the model and its dimensions were factors with eigenvalues above 1 (Kaiser criterion). Although using the same set of initial variables, models for each year may differ, reflecting the different key influence factors of the environmental management between years or random processes.
Once the key influence factors of each year were determined, iMEM could be calculated as follows. After estimating the factorial scores obtained from the factorial model, standardized factorial scores were obtained to calculate the iMEM and, therefore, to order the municipalities by performance. Standardization is necessary to prevent the result from being affected by data magnitude and/or data measurement unit (Hair et al., 2006) . The iMEM was calculated based on the weighted means of the standardized factors (Z) using the variance explained by each factor as a weight (Hair et al., 2006) . First, factor standardization was performed as follows:
where:
= the (gross) factorial score of the j th observation of the i th factor; = the standardized factorial score of the j th observation of the i th factor; "i" = the index used to represent factors; and "j" = the index used to represent observations. Then, the iMEM was calculated as: is, municipalities with a higher index value would be those with better environmental management performance. Therefore, factors with a negative impact on environmental management had their ordination inverted prior to inclusion in the calculation of the iMEM.
Based on the iMEM, a ranking of the 143 municipalities was constructed for the two analyzed periods (2009 & 2015) to classify each municipality according to environmental management performance. Four different categories were used (good, satisfactory, bad and very bad), and the final result was represented by maps. Classes were determined considering the similarity among different municipalities using k-means cluster analysis (Forgy, 1965; Lloyd, 1982) , with the aim of reducing the sum of squares among management categories in order to obtain the smallest deviation from one category to another and thus the smallest cumulative deviation when summing the deviations from each class. Class separation used an algorithm from SPSS (as proposed by Hartigan, 1975) to calculate the k-means used to group municipalities based on the relative homogeneity of their calculated iMEM value. This analysis is useful because it aggregates municipalities with similar characteristics, thus facilitating the identification of groups with similar performance.
Because this analysis is a relative comparison, municipalities classified as having good management, for example, represent the best scores among the municipalities of that group.
Relationship between the iMEM and the explanatory variables
Multiple regression analysis was used to describe the relationship between the iMEM values cal-
( 3) where:
= municipal environmental management index of observation j;
= variance or eigenvalue of the i th factor; = standardized factorial score of the j th observation of the i th factor; n = number of factors.
A weighted representation of the iMEM is calculated as:
The purpose of the use of (3) is ordering the iMEM on a scale from 0 to 1, supporting the classification process described below. An inversion of some F values was required to ensure that the iMEM would maintain a direct relationship with municipal environmental management quality; that culated for 2009 and 2015 and potential explanatory variables (Table 2) . Considering the input variables as a matrix of explanatory variables in the regression for year -note that t does not refer to a time series but to the distinction between the cross-sectional multiple regression model constructed for 2009 and the model constructed for 2015 -to which a constant (unit vector) is added, forming matrix , the set of multiple regressions to be calculated are as follows:
secondary vegetation and deforestation increase. Forest flammability and the increase of secondary vegetation and deforestation are all associated with forest impoverishment and, thus, closely related to aspects of "forest degradation". Finally, factor 3 (18.6% of the variance) consisted of the variables pasture regeneration and crops, which is associated with the increase of permanent and temporary crops area and potential successive stages of land occupation in the Amazon, being interpreted as related to "agricultural production".
The iMEM calculated for each municipality based on the FA results enabled the ranking of the 143 Pará municipalities in decreasing order, with classes representing the performance of the municipalities in terms of environmental management in 2009 ( Figure 1, Table 4 ). At the beginning of the decentralization process, approximately 25.5% (37) of municipalities were categorized as having good management, 21.7% (31) of municipalities had satisfactory management, 32.2% (46) of municipalities had bad management, and finally, 20.3% (29) of municipalities had very bad management.
In 2015, six years after the decentralization of municipal environmental management, four factors explained 76.4% of the total variance of the data via nine variables ( where represents the regression model that considers the calculated index as regressand and the input variables as regressors, with the aim of seeking new insights with regard to the iMEM based on variables that are not necessarily related to environmental quality. The regression model was estimated using generalized least squares (GLS) for the i th factor in year (2009 or 2015);
is the coefficient vector of the regression, and is an error term considered random and parameterized by a normal distribution with a mean of zero and a constant variance.
Results
At the beginning of the decentralization process of environmental management in 2009, three factors explained 73.3% of the total variance of the data via seven variables (Table 3) . Factor 1 explained most of the total variance (29.8%), showed the highest factor loadings with the variables pasture area (pasture) and number of cattle/hectare (cattle) and thus was named "livestock." Factor 2 (24.8% of the variance) consisted of the variables heat sources, As in 2009, the three variables are also associated to cycles of forest impoverishment. However, in 2015, pasture regeneration replaced deforestation increase, which although still relevant, appeared only in the 4th factor. Therefore, Factor 2 could also be interpreted as being related to "forest degradation". Factor 3 explained 12.9% of the variance and consisted of the variables quality of life index and infant mortality rate (the last one with a negative sign, indicating that it is inversely correlated with the former). Because this dimension is related to job, health and education, it was considered as being associated with "social impact". Lastly, factor 4 explained 11.9% of the variance with greater weight associated with the variable deforestation increase and was therefore named "deforestation". 
-São Félix do
Xingu 76 -Bonito 105 -São Francisco do P. As for 2009, the iMEM calculated for each municipality based on the FA results enabled the ranking of the 143 municipalities of Pará representing the environmental management performance of the municipalities in 2015 (Figure 2 , Table 6 ). (25.9% in 2009 and 21.7% in 2015) are mostly concentrated in the western and northern regions of the state. The poorer-performing municipalities in both periods (20.3% in 2009 and 14.0% in 2015) are mostly concentrated in the eastern region of the state.
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The relationship between the iMEM (2009 and 2015) and the input (independent) variables are shown in Table 7 . The iMEM-2009 had a positive relationship with the variables number of internet FIGURE 2 -Municipal environmental-management performance in Pará, Brazil, in 2015. The municipalities were ranked based on municipal environmental management index -iMEM (from good to very bad management). See Table 6. users (internet), annual population growth rate and population density and a negative relationship with the number of phone lines per inhabitant (phone) and the value of rural credit financed per municipality. The iMEM-2015 had a positive relationship with the variables phone, population density and number of protected areas and a negative rela-tionship with the variables rural credit, rural environmental cadaster of properties and municipal gross domestic product (GDP). The models showed adjusted R² values equal to 0.80 for 2009 and 0.70 for 2015, confirming the strong relationship between the explanatory variables and the iMEM.
Discussion
Determinant factors of municipal environmental management in Pará
Overall, the key influence factors on MEM are consistent with the drivers of forest conversion in the Amazon (Hecht, 1993; Kaimowitz et al., 2004; Nepstad et al., 2014) . In general, deforestation, livestock, agricultural production and the consequent forest degradation and impact on life quality were relevant for local environmental management, even with some variation between periods.
The factor "livestock" had the highest explained variance in FA in both years, which is consistent with a dominant (large areas of pasture) and extensive activity (few heads of cattle per hectare) in Pará, often used simply as a form of illegal land appropriation, resulting in large areas of abandoned pastures after few years. Livestock is one of the most important economic activities in Pará (6.2 % of state GDP; FAPESPA, 2014), increasing its production from nearly 17 million heads of cattle in 2009 to 20 million heads in 2015, assuming the 5th position of largest cattle producers in Brazil (IBGE, 2017b) . The strong correlation between livestock activity and deforestation in the Amazon has been emphasized in several studies (Hecht, 1993; Barona et al., 2010; Nepstad et al., 2014) and it is also captured in the models in this study.
As the municipalities are judged and penalized or rewarded according to their deforestation rates, monitoring the growth of livestock activity is an important task for MEM. In the 2009 model, the deforestation increase was an important variable, but cumulative deforestation appeared stronger in 2015. This possibly reflected on the effectiveness of several policies for deforestation reduction in the Amazon in the last decade (Moutinho et al., 2016) .
The second most important factor for municipal environmental management in both analyzed periods was forest degradation, with a higher explained variance (24.8%) in 2009 than in 2015 (17.7%). Forest degradation is highly impactful and follows livestock and deforestation (Hecht, 1993; Nepstad et al., 2014) .
The conversion of forest to other land uses, as well as the high incidence of abandoned pastures, increases the occurrence of fires and secondary vegetation succession in a positive feedback effect on the gradual impoverishment of forest areas in the Amazon (Nepstad et al., 1999) .
Another important factor was agricultural production, which explains 18.6% of the total variance in the 2009 model but excluded from the 2015 model due to a low communality level. Usually associated with forest conversion, agricultural production is an economic activity of great importance in the municipalities of Pará (4.5 % of state GDP), favored by climate conditions and large extensions of degraded areas with economic potential to be used mainly for grain production (e.g., soybean). The larger the agricultural production becomes, the greater the pressure will be on environmental management, requiring better control from municipalities in Pará.
The factor social impact, present only in the 2015 model, had a positive relationship with the quality of life index and a negative relationship with infant mortality rate. The increase in the relative importance of variables related to social impact six years after the beginning of the decentralization policies can be understood as a possible positive change. Given the clear urbanization of the Amazon population (Guedes et al., 2009) , city conditions become relevant for environmental management actions. Infant mortality in Brazil is still primarily associated with basic sanitation, water quality, pollution and associated diseases (MS, 2015) . The worse these conditions are, the higher the rate of infant mortality and the less efficient environmental management is in minimizing these impacts. Conversely, the quality of life of the population reflects that broader elements of socioenvironmental progress, such as employment, income, education and health, are being achieved. The inclusion of social impact indicators in the 2015 model reflects the growth of medium-sized Brazilian cities in recent years (IBGE, 2017d) , pressuring municipalities to meet the environmental demands of rural and urban areas within their limits.
Municipal environmental management
The iMEM classified 68 (47.2%) municipalities in 2009 and 85 (59.5%) municipalities in 2015 as having good/satisfactory management. Overall, there was an improvement, although the causes are not clear. Previous studies undertaken in Latin American countries showed that local engagement in environmental governance may be associated with institutional support, public policies incentives or even the local distribution of benefits (Andersson et al., 2006; Larsen, 2011) . In this study, institutional support seemed not to be responsible for the changes. Considering only those municipalities formally empowered by the state to undertake decentralized management (e.g. with capacity building and additional resources), 7 of 10 had good management in 2009 according to iMEM, in contrast to only 16% (11 of 69) of the municipalities in 2015. Therefore, it seems that the administrative adherence to decentralization in Pará until 2015 was higher than its effectiveness ("paper decentralization"). In other words, state government interests in rapidly increasing the number of municipalities that adhere to decentralization may be taking precedence over the effectiveness of the process.
Present and past public policies, however, seem to influence and drive the local economic culture, which ultimately may affect environmental management. During Brazil's military regime , there was a boom in development projects (via migrations, infrastructure projects, industrialization, natural resources exploration, corporate farming and ranching) to populate and integrate the Amazon with the rest of the country and those were responsible for large areas of forest conversion (Wood & Perz, 1996; De Lima & Buszynski, 2011) . The impact of this policy was uneven across the Amazon and within Amazon states. That may explain or at least influence the geography of better-and poorer-performing municipalities in Pará shown in this study. Better-performing municipalities located in western and northern regions were less influenced by the Amazon integration and colonization policies of the military regime and many municipalities associated with forest-extractive economies showed higher percentages of forest cover in 2015. In some cases, however, passive conservation may not be ruled out and environmental management may have benefited from this. On the other hand, poorer-performing municipalities in both periods are mostly concentrated in the eastern region of the state, on the old frontiers of integration policies. This region is characterized by high deforestation rates, extensive livestock farming and forest degradation. Some examples are the municipalities of São Félix do Xingu, Cumaru do Norte and Marabá, the largest cattle producers in Pará (IBGE 2017a). However, in the same region, municipalities characterized by economies other than livestock farming (e.g., palm plantations in the microregion of Tomé-Açú and agroforestry in the microregion of Cametá) stand out as having satisfactory environmental management in 2015. That might mean that the emergence of alternative and diverse economies is likely to occur in the wake of changes in environmental policy and new market demands. Brazil's environmental policy in the twenty-first century has evolved and increasingly supports sustainable economies. Studies have shown that the sustainable livestock intensification associated with the adoption of good practices in agriculture, pasture maintenance, and restoration of environmental liabilities is feasible and has the potential to prevent further deforestation in the Amazon (Garcia et al., 2017) . Local environmental management may be key to supporting sustainable economic alternatives. Firstly, as the cost may exceed benefits from the local perspective, the local government must be interested in carrying out this mandate.
Local politicians play a critical role in environmental governance because they may adhere to, filter or completely ignore their new decentralized mandate (Andersson et al., 2006) . It was shown that local politicians in Guatemala and Bolivia may increase their will for engagement in environmental management if they perceive benefits associated with a given policy (Andersson et al., 2006) . The findings of this study suggested the same since the state government attracts local governments to the decentralized regime by offering resources and training. However, the results regarding municipality performance were unsatisfactory. Another example in Pará also revealed the same pattern. Since a state policy designed to curb deforestation (the Green Municipalities Program) was implemented in Pará in 2011 which promises benefits for those who follow its conditions (PMV, 2016), 106 of the 144 municipalities adhered to it until 2015. However, according to the iMEM-2015, only 54 of those municipalities were classified as having good/satisfactory management. On the other hand, it is noteworthy that the withdrawal of previous benefits works the same way for engagement of politicians. For instance, until 2015, all 19 municipalities of Pará on the federal government red list of deforesters and under financial restrictions (MMA, 2013) adhered to decentralized environmental management as a condition to minimize environmental issues and escape from penalizations. Of the total, 10.5% (2) were characterized as having good management in 2015.
The foregoing examples illustrate the impact of environmental policies on local government and also confirm the potential of a monitoring tool to reveal that the policy is still far from effective with much room for improvement.
Elements that affect MEM
Municipal environmental management was affected by a set of factors, which changed over time according to the evolution of the municipality and to the implementation of public policies. At the beginning of decentralization in 2009, the population (growth and density) and the internet had a positive influence on environmental management, whereas telephony (mobile and fixed phones) and rural credit had a negative impact. Six years later (2015), the population density, phone and protected areas were relevant for better management, while rural credit, the rural environmental cadaster and municipal GDP had a negative impact.
Communication access may be considered a facilitator of environmental management and increase information access. In Pará's municipalities, access to mobile phones increased by 141% between 2009 and 2015 whereas access to internet increased only by 34%. That may explain the increasing importance of phones (instead of the internet) for MEM between the two years. Furthermore, between the two periods, the population tended to concentrate (5.8%) rather than grow (-33%), increasing the importance of population density in 2015. Rural credit had a negative impact on environmental management in both years. Usually, rural credit focuses on agriculture and livestock and stimulates them without environmental sustainability constraints, becoming a liability for MEM. The negative impact of the rural environmental cadaster in 2015 may seem surprising as its goal was to bring environmental regulation of properties where it was absent. However, its creation in 2012 caused negative externalities, such as new deforestation waves as a way to occupy public lands illegally and then try to "legalize" them via cadaster (Azevedo et al., 2017) . Hence its initial negative effect on environmental management despite the expected tendency for it to promote better management. Likewise, the negative impact of a stronger municipal economy (GDP) may seem counterintuitive. The economic growth of municipalities in Pará, however, is strongly related to livestock and agriculture, as well as natural resource extraction (e.g., mining and logging). When the economy grows (GDP), deforestation increases (Andersen & Reis, 2015) , exerting more pressure on environmental management. The economy characterized by rapid growth based on the exploitation of natural resources without the counterpart of improvements in population life quality, following a boom-collapse pattern, is characteristic of Amazon municipalities (Celentano & Veríssimo, 2007) .
Conclusion
Overall, land-use changes determined municipal environmental management performance in the Amazon in both of the analyzed periods. This suggests that forest cover conversion in Pará is still predominant and challenging for municipal environmental management, requiring better control of its drivers and consequences. It is not by chance, then, that municipal performance between 2009 and 2015 showed some improvements but they were slower than necessary. Municipalities have been encouraged to adhere to the decentralization regime by the state government but the emphasis in recent years seems to have been restricted to formal adherence only. In a context where unsustainable economies prevail, the geography of poorly performing municipalities as well as the loose local adherence to decentralization point to the role of public policies in stimulating environmental management as well as how significant they are to local realities and how well they can engage local politicians.
It is important to emphasize, therefore, that the decentralization of environmental management depends on synergic policies in a broad context with the penalty of not achieving the desired effectiveness. Coordinated environmental policies may have larger chances of impact in local governments. However, many policies with a profound impact at the municipal level are elaborated in higher hierarchical levels. For instance, economies centered on forest conversion activities and their various associated incentives (e.g. rural credits) continue to present a challenge to effective environmental management in the Amazon. Environmental management would benefit from the use of sustainable and technological practices in addition to environmental planning, land tenure security and recovery of deforested areas. Additionally, decentralized regimes should be supported by appropriate institutional conditions, capacities and resources. It seems unfair to leave local government standing alone unequipped to face the consequences of the lack of incentives for sustainable economies in the Amazon, most often established out of their jurisdiction. As an ongoing process in Brazil, decentralized environmental management needs time to locally adjust, but the responsibility for its success or failure should be shared among the different hierarchical governmental levels.
Considering that municipal environment management after decentralization processes may work better in the context of mechanisms of accountabili-ty (Andersson et al, 2006; Coleman & Fleischman, 2012) , there is much to be done in the Amazon region. Without transparency, accountability and pressure from society, local politicians or institutions may feel comfortable with inactivity. Even the risk of elite capture of the local governance process was identified in other studies (Persha & Andersson, 2014; Viana et al., 2016) . This study emphasized the importance and need of monitoring the performance of the municipal environment management to bring visibility to the task, improve the decentralization process and successfully achieve its environmental goals. Making environmental management more transparent for public managers and civil society is the first step to better local governance.
